Introduction
In the world market upland rice (grain) occupies a very modest place, since its production is comparatively limited, and harvests are uncertain since they depend upon precipitation. For this reason upland rice cannot compete with lowland rice. Upland rice is used exclusively in those regions possessing insufficient water for irrigation purposes. CAMUS (2) identifies four types of rice. Of these, the type requiring least water is "Caingin" while that having the highest water requirement is "typical lowland." In spite of this classification, the two types do not possess definite characteristic qualities, so that certain "upland" varieties of rice grow very poorly on soil containing only ordinary amounts of water but grow very vigorously under irrigated conditions.
There is little literature relating to upland rice, especially in relation to its physiological character. Among the latter is to be found the work of the following investigators: INOUYE (4), GILE and CARRERO (3), JIRO ONODERA (5), VILLEGAS (9) and NAGAOKA (7) . The conclusions of these investigators indicate the existence of well defined differences between upland and lowla(ld rice.
The present work presupposes a biochemical and physiological study of the first stages of development of the rice plant, namely, swelling and germination of seeds. The writer will here deal with the metabolism of soluble carbohydrates, changes of dry matter, activity of enzymes, and respiration. In these experiments seeds of the lowland variety Oobe and upland variety Bely were used. The seeds of these varieties were germinated under two sets of conditions: on filter paper, and under water. The stages of germination were: (1) air-dry seeds; (2) swollen seeds; (3) sprouting seeds; (4) seeds with stems 2 cm. in length; (5) possibility that hydrolysis of starch may proceed so rapidly that maltose does not accumulate in significant quantities. The writer believes that such a condition exists when the maltase enzyme shows greater activity than amylase. On the other hand it is necessary to take into consideration the possibility of the breaking down of starch directly into glucose.
Rice seeds germinated on filter paper (aerated) showed little or no formation of maltose. Likewise maltose is absent in upland rice seeds. With germination under water, however, a more or less significant quantity of maltose is formed, up to the development of a stem 2 cm. in length. Before and after these periods the presence of maltose is not noted (table I) .
In view of the fact that the activity of the maltase enzyme is comparatively weak and shows no change (table II), the dynamics of maltose formation may be explained not as a result of the breaking down of starch but rather as a synthetic process. This synthesis may be explained by the fact that the activity of saccharase is greatly weakened in the rice seeds germinated in water. Therefore this enzyme is unable to change monosaccharides into saccharose and as a result maltase is able to act on these sugars. In this case the maltose is a synthetic product; that is to say, starch breaks down without the formation of maltose.
In dry (ungerminated) rice seeds the soluble carbohydrates exist almost exclusively as saccharose. Particular attention should be given to the fact that monosaccharides and saccharose are to be found in dry seeds. The variety Oobe contained 102.3 mg. of soluble carbohydrates while Bely contained only 42.6 mg. in a like quantity of seed (100 grains). The marked decrease in soluble carbohydrates during the swelling of the seeds (at germination) indicates the important role these sugars play in the life activities of the seed (when it germinates) in water. Undoubtedly the presence of insufficient oxygen supply, where soluble carbohydrates exist in any quantity, facilitates.the development of the seed sprouts. From this point of view rice seeds having a store of large molecule carbohydrates possess less ability to germinate in water.
ENZYMES
In view of the fact that enzymes are the most sensitive products of cell activity that may be used as indicators of the intensity of the biochemical processes of the living organ, the writer studied the activity of enzymes in the period of germination in water.
Our general knowledge of the dynamics of enzymes in seeds is based on the systematic investigations conducted by OPARIN (8) . His work related to the activity of oxidation and hydrolytic enzymes in dry and germinating seeds (1, 8) .
In rice seeds and seedlings the following enzymes were found: amylase, maltase, saccharase, and catalase. The change in activity of amylase is shown in all check the formation of new or fresh saccharase. Figure 2 shows the repressive effect of submergence on saccharase in germinating rice seeds.
Air-dry seeds contained insignificant quantities of catalase, which is generally regarded as a sign of full maturity. Figure 3 illustrates this it will be seen that the intensity of respiration of these plants likewise decreases. Such a parallelism between the respiration process and activity of catalase indicates the close relationship of this enzyme to the oxidation process. Relationship between quantity of catalase and intensity of respiration has been established by many investigators (6) . On this basis catalase in rice seeds may be regarded as a true indicator of the intensity of the reactions accompanying growth. Data concerning the activity of enzymes show the absence of significant differences in the activity of Judging from the quantity of CO, produced, respiration decreases when shoot development begins, that is, during the later stages of germination. This is indicated also by the improved absorption of oxygen (table III) .
It should be noted that of the two indicators of respiration the quantity of liberated CO, shows a greater respiration intensity than the oxygen absorption during the entire period of submergence of the plant.
In view of the fact that respiration measurements were made of both 0, and CO2 simultaneously, we are able to prove that the respiratory quotient very seldom is equal to unity in spite of the fact that large quantities of carbohydrates were present in the plants. Generally the respiratory quotient was greater than unity. Seeds germinated in water show higher values than those germinated on filter paper. Both the value and the degree of change of the respiratory quotient indicate differences between lowland and upland varieties of rice (table IV) . 
